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I 
I The electrostat ic  p o t e n t i a l  of the Lunar 

Communications Relay Unit  (LCRU) S-band antenna w h i l e  opera- 

t i n g  w i l l  n o t  d i f f e r  much from i t s  non-operating va lue .  

p o t e n t i a l  i s  expected t o  l i e  i n  the range of 1 t o  1 0  v o l t s  

w h i l e  the  rover i s  on the  s u n l i t  hemisphere. 
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I n t r o d u c t i o n  

The p o s s i b i l i t y  has been suggested t h a t  the  LCRU 
S-band antenna mounted on t h e  l u n a r  rove r  could  charge up t o  
a p o t e n t i a l  of about  a thousand v o l t s .  (1) 
determined by t h e  charge accumulation on t h e  antenna. During 
non- t r ans i en t  o p e r a t i o n ,  t h e  antenna w i l l  assume t h e  p o t e n t i a l  
corresponding t o  ze ro  n e t  charge accumulation over  any i n t e -  
g r a l  number of cyc le s .  T h i s  p o t e n t i a l  can be a s c e r t a i n e d  by 
s tudying  t h e  antenna charging sources ,  i n  a manner similar t o  
t h e  c a l c u l a t i o n  of the  e l e c t r o s t a t i c  p o t e n t i a l  d i s t r i b u t i o n  
on t h e  s u n l i t  l u n a r  s u r f a c e  by Grobman and Blank . (2)  

The p o t e n t i a l  i s  

I n  t h e  p r e s e n t  problem, there are two r e l e v a n t  t i m e  
scales. T h e  f irst  i s  t h e  frequency w of  t h e  antenna. T h e  
second t i m e  scale T i s  that  character is t ic  of t h e  charging 
mechanism. W e  can t h i n k  of T as t h e  t i m e  it takes a r ep resen ta -  
t i v e  charged p a r t i c l e  t o  t r a v e r s e  a d i s t a n c e  equa l  t o  t h e  
s p a t i a l  e x t e n t  of t h e  antenna near  e lec t r ic  f i e l d .  As w i l l  
be  shown, t h e  antenna s teady state e lectr ic  p o t e n t i a l  is very  
d i f f e r e n t  according t o  whether w . r > > l  o r  w ~ < < l .  I f  t h e  antenna 
w e r e  able t o  o p e r a t e  w i t h  w r < < l  -- which it cannot -- l a r g e  
e lectrostat ic  p o t e n t i a l s  could e x i s t .  However, f o r  t h e  
a c t u a l  case of W T > > ~ ,  t h e  antenna s i g n a l  e lectr ic  f i e l d  i s  
unimportant ,  and the antenna p o t e n t i a l  du r ing  ope ra t ion  i s  
t h e  same as i f  t h e  antenna were n o t  ope ra t ing .  

Discussion 

For s i m p l i c i t y ,  w e  assume the antenna s u r f a c e  i s  
f l a t  and s i t u a t e d  on t h e  s u n l i t  l u n a r  s u r f a c e  normal t o  t h e  
sun d i r e c t i o n .  When t h e  antenna i s  n o t  o p e r a t i n g ,  it acts 
as an e m i t t i n g  d c  plasma probe i n  t h e  solar wind, w i t h  
emission due t o  the product ion of  pho toe lec t rons  by solar 
uv photons.  The number of pho toe lec t rons  emi t t ed  p e r  u n i t  
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t i m e  i s  much g r e a t e r  than  t h e  number of e l e c t r o n s  t h a t  can be 
c o l l e c t e d  from t h e  solar  wind. Thus, the  antenna w i l l  charge 
up p o s i t i v e l y  t o  a p o t e n t i a l  such t h a t  t h e  escaping  photoelec-  
t r o n  f l u x  equals  t h e  charge f l u x  from t h e  solar  wind. Under 
t h e s e  cond i t ions ,  t h e  d c  antenna p o t e n t i a l  i s  a few t i m e s  t h e  
average energy of a photoemitted e l e c t r o n ,  and most photoelec-  
t r o n s  cannot escape t h i s  p o t e n t i a l  w e l l .  W e  can,  t h e r e f o r e ,  
a n t i c i p a t e  t h e  antenna d c  p o t e n t i a l  be ing  i n  t h e  range of  1 t o  
1 0  v o l t s .  
t o  t h e  e m i t t i n g  s u r f a c e .  The s h e a t h  th i ckness  i s  of  t h e  o r d e r  
of a Debye length  which t y p i c a l l y  may be about 1 0  c m .  These 
arguments are based on t h e  more d e t a i l e d  cons ide ra t ions  of  
Grobman and Blank. ( 2 )  

The photoe lec t rons  f o r m  a cloud o r  shea th  a d j a c e n t  

F igure  1 shows t h e  d c  vol tage-cur ren t  character is t ic  
f o r  a photoemit t ing probe i n  t h e  solar  wind. 
v o l t a g e s ,  a l l  t h e  photoe lec t rons  are r e p e l l e d ,  w h i l e ,  a t  l a r g e  
p o s i t i v e  v o l t a g e s ,  no photoe lec t rons  escape and t h e  c u r r e n t  i s  
due t o  t h e  cap tu re  of charged p a r t i c l e s  f r o m  t h e  s o l a r  wind. 
A t  V f ,  t h e  f l o a t i n g  probe p o t e n t i a l ,  t h e  f l u x  of escaping  
pho toe lec t rons  i s  balanced by t h e  so la r  wind f l u x  so t h e  n e t  
c u r r e n t  i s  zero.  

A t  l a r g e  nega t ive  

N o w  suppose w e  impose a s lowly vary ing  ac f i e l d  on 
the  probe,  so t h e  t o t a l  p o t e n t i a l  c o n s i s t s  of a dc  component 
V p l u s  a time-varying component V 2 e  -iwt. BY slowly vary ing  1 
w e  mean w ~ < < l ,  which permits  u s  t o  use t h e  dc  probe c h a r a c t e r i s -  
t i c .  
over  an i n t e g r a l  number of cycles i s  zero.  For t h e  antenna,  t h e  
cond i t ions  Jsw < <  J and Vf < <  V2 e x i s t ,  where J and J are 

P s w  P d e f i n e d i n  Figure 1 and Vf i s  probably less than  1 0  v o l t s .  For 
t h i s  case, it can be s e e n  from Figure  1 t h a t  V1%V2 i f  t h e  n e t  
c u r r e n t  over  a c y c l e  vanishes .  Thus, t h e  dc  p o t e n t i a l  of t h e  
antenna can be as l a r g e  a s  t h e  amplitude o f  a slowly vary ing  
ac vo l t age .  

W e  want t o  determine V1 when t h e  n e t  c u r r e n t  t o  t h e  probe 

If t h e  antenna w e r e  a b l e  t o  o p e r a t e  a t  such low 
f r equenc ie s ,  a l a r g e  average p o t e n t i a l  could be b u i l t  up. This  
i s  n o t  t h e  case, though. The S-band antenna frequency i s  
f = 2272.5 MHz, whereas it takes  a t y p i c a l  photoe lec t ron  %lo-’ 
seconds t o  t r a v e r s e  a d i s t a n c e  equa l  t o  a wavelength o r  equa l  
t o  t h e  plasma s h e a t h  th i ckness .  Thus W T ~ L ~ O  >>1, and the  high 
dc  v o l t a g e s  t h e o r e t i c a l l y  p o s s i b l e  f o r  t h e  slowly varying case 
(o.r*<l) do n o t  occur .  

3 
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T h e  p o t e n t i a l  and charge d i s t r i b u t i o n s  depend upon 
t h e  charged p a r t i c l e  motions i n  t h e  sheath.  Therefore ,  t o  
determine t h e  e f f e c t  of t h e  ac antenna f i e l d ,  w e  look a t  t h e  
changes i n  t h e  p a r t i c l e  o rb i t s  in t roduced  by t h e  o s c i l l a t i n g  
f i e l d .  When W T > > ~ ,  w e  expec t  t h a t  t h e  p e r t u r b a t i o n  in t roduced  
by t h e  ac antenna f i e l d  w i l l  average t o  ze ro  over  an i n t e g r a l  
number of cyc le s .  T o  demonstrate t h a t  t h i s  no t ion  i s  correct,  
w e  must show t h a t  a) the  momentum exchange over  one cyc le  
between a r e p r e s e n t a t i v e  e l e c t r o n  and t h e  ac f i e l d  i s  a s m a l l  
f r a c t i o n  of the  e l e c t r o n  momentum, and b )  there i s  no s i g n i f i -  
c a n t  n e t  e l e c t r o n  d r i f t  motion r e s u l t i n g  from a s m a l l  per turba-  
t i o n  p e r  c y c l e  adding over  t h e  l a r g e  number of  c y c l e s  du r ing  
a photoe lec t ron  l i f e t i m e .  

T h e  ac f i e l d  can  be considered a s m a l l  p e r t u r b a t i o n  
only i f  t h e  f r a c t i o n a l  momentum change i s  s m a l l  over t h e  t i m e  
T = l/w, where w = 2 r f .  T h e  momentum change i s  Ap % eEa/w and 
a r e p r e s e n t a t i v e  e l e c t r o n ' s  momentum i s  p % m v  where E i s  t h e  

a c  e lec t r ic  f i e l d  magnitude and vt t h e  e l e c t r o n  thermal speed. 
Therefore ,  the  f r a c t i o n a l  momentum change i s  

t '  a 

10 6 For w = 1 0  

be Ea 

d i s h ,  s i n c e  the power and d i s h  s i z e  are known and are 1 0  w a t t s  
and 0 . 1  m 2 ,  r e s p e c t i v e l y .  

/sec and vt = 4 x 1 0  m / s e c ,  t he  e lectr ic  f i e l d  must 
2 x lo5 v o l t s  t o  produce Ap/p % 1. 

W e  can estimate the  average e lectr ic  f i e l d  ove r  the 

The Poynting f l u x  i s  

s = f i E :  = 100 w a t t s / m  2 

T h e  average f i e l d  over t h e  d i s h  i s ,  t h e n ,  Ea%200 v/m, i n  which 

case w e  would have Ap/p % low3. 
larger nea r  t h e  cen te r f eed .  For a half-wavelength d iameter  

2 c e n t e r f e e d ,  the area i s  2 4  c m  . T h i s  would produce an average 
f i e l d  a t  t h e  c e n t e r f e e d  of Ea%10 v/m, and t h e  cond i t ion  Ap/p<<l 
i s  s t i l l  sa t i s f ied .  Therefore ,  t h e  e f f e c t  of t h e  ac antenna 
f i e l d  i s  s m a l l  du r ing  one wave pe r iod  of ope ra t ion .  

T h e  e lectr ic  f i e l d  can be much 

3 
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T o  look a t  t,,e e f f e c t  of tALe ac antenna f i e l d  over  
many c y c l e s ,  w e  t r ea t  t h e  f i e l d  as a small p e r t u r b a t i o n  t e r m  
i n  t h e  e l e c t r o n  equat ion  of motion. I n  t h e  Appendix, w e  
assume a model f o r  t h e  a c  and d c  e lectr ic  f i e l d s .  By s o l v i n g  
t h e  e l e c t r o n  equat ion  of motion, w e  show t h a t  t h e r e  are no 
long-time t r a j e c t o r y  p e r t u r b a t i o n s  of magnitude g r e a t e r  than  
Ap/p. Therefore ,  t h e  ac antenna f i e l d  does n o t  affect  t h e  
motion of  t h e  pho toe lec t rons .  

Conclusion 

The electrostatic p o t e n t i a l  of t h e  LCRU S-band antenna,  
whi le  on t h e  s u n l i t  l u n a r  s u r f a c e ,  w i l l  be t h e  same whether o r  
n o t  t h e  antenna i s  ope ra t ing .  This  i s  because t h e  c h a r a c t e r i s t i c  
t i m e  T f o r  p a r t i c l e  motion i n  t h e  photoe lec t ron  s h e a t h  surround- 
i n g  t h e  antenna i s  much g r e a t e r  than  t h e  S-band wave p e r i o d ,  so 
t h e  e l e c t r o n s  cannot absorb power from t h e  antenna. S ince  t h e  
plasma frequency i s  w n, l / ~ ,  w e  recognize t h i s  c o n d i t i o n ,  
w / w < < l ,  as a r e q u i s i t e  f o r  antenna ope ra t ion .  W e  have n o t  
cons idered  any d i f f e r e n c e s  i n  t h e  photoemissive p r o p e r t i e s  of 
t h e  antenna produced by t h e  ac f i e l d  s i n c e  a l a r g e  change i n  
photoemissive p r o p e r t i e s  i s  r equ i r ed  t o  a l ter  t h e  phys ic s ,  and 
such a change i s  h igh ly  un l ike ly .  

P 
P 

W. R. S i l l  
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APPENDIX 

H e r e  w e  examine t h e  e f fec t  on a r e p r e s e n t a t i v e  e l e c t r o n  
from t h e  ac antenna f i e l d  o p e r a t i n g  over many c y c l e s .  Rather  t han  
s o l v e  t h e  plasma equat ions  of motion t o g e t h e r  w i t h  Maxwell's 
equa t ions ,  w e  s h a l l  p r e s c r i b e  the e lectr ic  f ie lds .  W e ,  t h e r e f o r e ,  
assume 

where El i s  the e l e c t r o s t a t i c  f i e l d  a t  the antenna s u r f a c e ,  A 1  
t h e  s p a t i a l  e x t e n t  of t h e  shea th  %lo c m ,  E 2  t he  magnitude of t h e  

ac antenna f i e l d  a t  t he  s u r f a c e ,  X 2  the characterist ic l eng th  
scale of the nea r  f i e l d  which i s  approximately t h e  antenna 
dimension, and 4 is a phase angle .  The equat ion  of  motion fo r  
a pho toe lec t ron  emi t t ed  normal t o  t h e  antenna s u r f a c e  i s  

dv - - e E  m d t -  

W e  t rea t  the r a p i d l y  o s c i l l a t i n g  t e r m  i n  (1) a s  a s m a l l  
p e r t u r b a t i o n  of o r d e r  Ap/p<<l. Then, t o  lowest o r d e r  i n  t h i s  
parameter ,  ( 2 )  has s o l u t i o n  

[I - e 1 ( 3 )  
-/A1 m (v i  - v 2 ) = eEIAl 

2 

where w e  have used the i n i t i a l  cond i t ion  v = vo, z = 0 a t  t = 0 .  

T h e  e x p l i c i t  t i m e  dependence i s  shown by i n t e g r a t i n g  

where v is given by ( 3 ) .  The r e s u l t  i s  
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where 

a =  ( -1/2 

- 

For the f irst  i t e r a t i o n ,  w e  u se  (5) i n  (1). 
equat ion  of motion i n  t h i s  approximation i s  

The 

Upon i n t e g r a t i n g ,  w e  f i n d  

The i n t e g r a l  i n  ( 8 )  can be eva lua ted  by the method of 
s t a t i o n a r y  phase. 
i n t e g r a l  has no s t a t i o n a r y  phase and, therefore, t h a t  the domi- 
n a n t  c o n t r i b u t i o n  comes from t h e  end p o i n t s .  But by t h e  arguments 
p re sen ted  i n  t h e  Discuss ion ,  t h e  c o n t r i b u t i o n  from t h e  end p o i n t s  

1 2  i s  of order ( h p / ~ ) ~  mvo. 
antenna f i e l d  i s  s m a l l .  

Following Erdg ly i ,  ( 3 )  w e  can show t h a t  t h e  

Thus  t h e  p e r t u r b a t i o n  due t o  the  ac 



V 
Jsw 

'1 Jp 
..... 

J~,,,,- io8 (cM~-sEc)-' IS THE RANDOM SOLAR WIND FLUX 

J~ 2 i o 1 O  (cM~-sEc)-' IS THE TOTAL PHOTOEMITTED 
ELECTRON FLUX 

FIGURE 1. VOLTAGE CURRENT CHARACTERISTIC FOR A PHOTOEMITTING 
PROBE IN THE SOLAR WIND 
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